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Dual-source CT in step-and-shoot mode: noninvasive coronary
angiography with low radiation dose
Abstract
PURPOSE: To prospectively investigate computed tomographic (CT) image quality parameters by
using different protocols and to calculate radiation dose estimates for noninvasive coronary angiography
performed with dual-source CT in the step-and-shoot (SAS) mode. MATERIALS AND METHODS:
This study was local ethics board approved; written informed consent was obtained from all patients. In
the preliminary portion of the study, 40 patients underwent CT coronary angiography in the SAS mode:
at 100 kV (protocol A) in 22 patients with a body mass index (BMI) of less than 25 kg/m(2) and at 120
kV (protocol B) in 18 patients with a BMI of 25-30 kg/m(2). Both protocols involved use of an
attenuation-based tube current and 1 mL of contrast material per kilogram of body weight. The final
portion of the study involved 50 additional patients: 21 patients with a BMI of 25-30 kg/cm(2) assigned
to protocol B and 29 patients with a BMI of less than 25 kg/cm(2) assigned to protocol C, which was
performed with 100 kV, an attenuation-based tube current, and a reduced contrast material dose of 0.8
mL/kg. Image quality was independently assessed. Attenuation in the aorta and coronary arteries and
image noise were measured. Radiation dose was estimated. RESULTS: Mean image noise was similar
with protocols A and B. Mean attenuation in the aorta and coronary arteries with protocol A (444 HU)
was significantly (P < .001) higher than that with protocol B (358 HU). The reduced contrast material
dose in protocol C yielded attenuation similar to that with protocol B. Diagnostic image quality was
achieved with all protocols in 1237 (97.9%) of 1264 coronary segments. No significant differences in
image quality between the 100- and 120-kV protocols were found. Mean heart rate had a significant
effect on motion artifacts (area under receiver operating characteristic curve [AUC] = 0.818; 95%
confidence interval [CI]: 0.723, 0.892; P < .001), whereas heart rate variability had a significant effect
on stair-step artifacts (AUC = 0.79; 95% CI: 0.687, 0.865; P < .001). The mean estimated effective dose
was 1.2 mSv +/- 0.2 for protocols A and C and 2.6 mSv +/- 0.5 for protocol B. CONCLUSION:
Dual-source SAS-mode CT coronary angiography yielded diagnostic image quality for 97.9% of
coronary segments at a low radiation dose.
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Purpose: To prospectively investigate computed tomographic (CT)
image quality parameters by using different protocols and
to calculate radiation dose estimates for noninvasive coro-
nary angiography performed with dual-source CT in the
step-and-shoot (SAS) mode.
Materials and
Methods:
This study was local ethics board approved; written in-
formed consent was obtained from all patients. In the
preliminary portion of the study, 40 patients underwent
CT coronary angiography in the SAS mode: at 100 kV
(protocol A) in 22 patients with a body mass index (BMI)
of less than 25 kg/m2 and at 120 kV (protocol B) in 18
patients with a BMI of 25–30 kg/m2. Both protocols in-
volved use of an attenuation-based tube current and 1 mL
of contrast material per kilogram of body weight. The final
portion of the study involved 50 additional patients: 21
patients with a BMI of 25–30 kg/cm2 assigned to protocol B
and 29 patients with a BMI of less than 25 kg/cm2 assigned
to protocol C, which was performed with 100 kV, an
attenuation-based tube current, and a reduced contrast
material dose of 0.8 mL/kg. Image quality was indepen-
dently assessed. Attenuation in the aorta and coronary
arteries and image noise were measured. Radiation dose
was estimated.
Results: Mean image noise was similar with protocols A and B.
Mean attenuation in the aorta and coronary arteries with
protocol A (444 HU) was significantly (P  .001) higher
than that with protocol B (358 HU). The reduced contrast
material dose in protocol C yielded attenuation similar
to that with protocol B. Diagnostic image quality was
achieved with all protocols in 1237 (97.9%) of 1264 coro-
nary segments. No significant differences in image quality
between the 100- and 120-kV protocols were found. Mean
heart rate had a significant effect on motion artifacts (area
under receiver operating characteristic curve [AUC] 
0.818; 95% confidence interval [CI]: 0.723, 0.892; P 
.001), whereas heart rate variability had a significant ef-
fect on stair-step artifacts (AUC  0.79; 95% CI: 0.687,
0.865; P  .001). The mean estimated effective dose was
1.2 mSv 0.2 for protocols A and C and 2.6 mSv 0.5 for
protocol B.
Conclusion: Dual-source SAS-mode CT coronary angiography yielded
diagnostic image quality for 97.9% of coronary segments
at a low radiation dose.
 RSNA, 2008
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Retrospectively electrocardiographi-cally (ECG) gated computed tomo-graphic (CT) coronary angiogra-
phy is a robust noninvasive imaging mo-
dality with high spatial and temporal
resolution that enables accurate diagno-
sis or exclusion of coronary artery dis-
ease (CAD) (1–5). It is the noninvasive
imaging examination of choice for pa-
tients who have stable angina pectoris
with inconclusive stress test results and
low to intermediate risk of CAD (6–8).
The improvements in spatial and
temporal resolution with retrospec-
tively ECG-gated cardiac CT, however,
are paralleled by an increase in radia-
tion exposure that is mainly caused by
low helical pitch values (9). Therefore,
several techniques to reduce the radia-
tion exposure have been evaluated and
include ECG-based tube current modu-
lation (10), tube voltage reduction (11),
and attenuation-based tube current
modulation (12).
Another algorithm associated with
low radiation exposure in cardiac CT is
prospective ECG triggering, or the step-
and-shoot (SAS) mode. With this tech-
nique, the x-ray tube is turned on only
at predefined time points in the cardiac
cycle, when the data acquisition is con-
sidered relevant. CT scanning in the
SAS mode is widely used to quantify the
coronary calcium burden (6). The re-
sults of a recent experimental study
brought to attention the use of this low-
dose technique for CT coronary angiog-
raphy also (13). Nevertheless, to our
knowledge, so far there are no data
demonstrating the feasibility, image
quality, and radiation exposure of dual-
source (DS) CT coronary angiography
performed in the SAS mode in a patient
population. The purpose of our study
was to prospectively investigate CT im-
age quality parameters by using differ-
ent protocols and to calculate the radia-
tion dose estimates for noninvasive cor-
onary angiography performed by using
DS CT in the SAS mode.
Materials and Methods
Authors who are not employees of Sie-
mens Medical Solutions (Forchheim,
Germany) controlled the inclusion of all
data and information that might have
represented a conflict of interest for the
author (T.G.F.) who is an employee of
that company. Our study was local eth-
ics board approved, and written in-
formed consent was obtained from all
patients. A total of 175 patients referred
for clinically indicated CT coronary an-
giography (Fig 1) were prospectively in-
cluded in a consecutive manner be-
tween July and October 2007. Reasons
for referral were atypical chest pain in
patients with low to intermediate CAD
combined with inconclusive ECG or
stress test results (106 patients), coro-
nary stent evaluation (19 patients), cor-
onary artery bypass graft assessment
(18 patients), or preoperative exclusion
of CAD in patients undergoing cardiac
valvular surgery (32 patients).
Patients were excluded if they had
renal insufficiency, defined as a serum
creatinine level higher than 150 mol/L
(n  9), or known hypersensitivity to
iodine-containing contrast material
(n  3). Patients with coronary stents
(n  19) or coronary artery bypass
grafts (n  18) were also excluded
because the focus of this study was to
assess the value of the technique for
coronary artery imaging. Patients who
had a mean heart rate faster than 70
beats per minute during the prepara-
tion time immediately before CT (n 
19), any heart rhythm other than sinus
rhythm (n  6), and obesity (BMI  30
m/kg2, n  11) also were excluded.
Thus, a total of 90 (51%) patients (55
men, 35 women; mean age, 63 years 
10 [standard deviation]; age range,
47–86 years) with a mean BMI of 24.5
kg/m2  2.7 (range, 18.4–29.9 kg/m2)
were scanned in the SAS mode.
Our study was subdivided into two
parts. The aim in the preliminary por-
tion of the study—involving 40 pa-
tients—was to assess the image noise
and vessel attenuation at DS CT in the
SAS mode. Patients were assigned to a
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Advances in Knowledge
 Dual-source (DS) CT coronary
angiography in the step-and-shoot
(SAS) mode can be performed in
patients with a heart rate lower
than 70 beats per minute and a
body mass index (BMI) lower
then 30 kg/m2, and it enabled di-
agnostic-quality visualization of
97.9% of all coronary segments in
the current study.
 In patients with a BMI lower than
25 kg/m2, CT scanning in the SAS
mode with 100 kV and a 20% re-
duction in contrast material dose
results in noise levels and vessel
attenuation similar to those gen-
erated with the 120-kV protocol
in overweight patients (BMI,
25–30 kg/m2).
 SAS-mode DS CT coronary an-
giography with automated tube
current modulation is associated
with mean estimated effective
doses of 2.6 mSv with the 120-kV
protocol and 1.2 mSv with the
100-kV protocol.
Implication for Patient Care
 DS CT coronary angiography per-
formed in the SAS mode is feasi-
ble in selected patients, and it en-
abled diagnostic-quality visualiza-
tion of 97.9% of the coronary
segments with a low radiation
dose in the current study.
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scanning protocol involving a tube volt-
age of 100 kV (protocol A) when they
were of normal weight (BMI  25 kg/
m2, n 22) and to a protocol involving a
tube voltage of 120 kV (protocol B)
when they were overweight (BMI of
25–30 kg/m2, n  18) (Fig 1).
In the final portion of the study,
based on the results of the preliminary
portion, protocol B, in which a tube
voltage of 120 kV was used and 1 mL of
contrast material per kilogram of body
weight was administered, was com-
pared with protocol C, in which a tube
voltage of 100 kV was used and the con-
trast material dose was reduced by
20%—to 0.8 mL/kg. Thus, an additional
50 consecutive patients were assigned
to protocol C (100 kV with reduced con-
trast material dose, n  29) or protocol
B (120 kV with normal contrast mate-
rial dose, n  21). The kilovoltage as-
signments based on BMI used in the
preliminary study were used (Fig 1). Pa-
tient characteristics and P values for
comparisons between the three proto-
col groups are listed in Table 1. On the
basis of the CT findings, nine (10%) of the
90 patients subsequently underwent con-
ventional coronary angiography (Table 2).
DS CT Data Acquisition and
Postprocessing
All contrast material– enhanced CT
angiography examinations were per-
formed in the SAS mode by using a DS
CT scanner (Somatom Definition; Sie-
mens Medical Solutions). Three min-
utes before scanning, the patients re-
ceived a single 2.5-mg dose of isosor-
bide dinitrate (Isoket; Schwarz Pharma,
Monheim, Germany) sublingually. No
patient had to be excluded because of
reflexive tachycardia after nitroglycer-
ine administration. No -receptor an-
tagonists for heart rate control were ad-
ministered before CT. Twelve (13%) of
Figure 1
Figure 1: Flowchart illustrates patient inclusion and scanning protocols for SAS-mode DS CT coronary
angiography.BMI body mass index,CM contrast medium.
Table 1
Characteristics of 90 Patients Examined in Three SAS DS CT Coronary Angiography Protocols
P Value
Characteristic Protocol A (n 22)* Protocol B (n 39)* Protocol C (n 29)* Protocol A vs B Protocol A vs C Protocol B vs C
No. of female/male patients 10/12 12/27 13/16 . . . . . . . . .
Age (y) 63.9 11.8 (49.0–86.0) 62.3 8.5 (47.0–78.0) 64.6 10.1 (48.0–80.0) .52 .84 .30
BMI (kg/m2) 22.4 1.5 (19.7–24.2) 27.0 1.4 (25.0–29.9) 22.7 1.7 (18.4–24.9) .001 .52 .001
Contrast material dose (mL) 70.3 10.3 (55.0–90.0) 83.6 10.0 (68.0–103.0) 55.3 7.0 (41.0–72.0) .001 .001 .001
Heart rate (bpm) 59.2 7.4 (44.4–69.6) 59.4 6.2 (46.3–69.1) 59.8 8.6 (35.8–69.9) .89 .82 .87
Heart rate variability (bpm) 2.3 1.0 (1.0–4.9) 2.4 1.4 (0.8–8.2) 3.3 2.7 (1.2–11.0) .73 .08 .09
Scanning duration (sec) 14.8 2.5 (11.4–21.6) 14.6 2.3 (10.2–20.3) 13.8 2.2 (9.2–18.4) .92 .29 .19
Scanning range (mm) 119 11 (96–153) 122 16 (96–153) 122 12 (96–153) .30 .25 .98
Tube current–time product (mAs)† 170 25 (119–195) 216 29 (170–260) 173 23 (114–202) .001 .62 .001
* With exception of sex data, values are means  standard deviations. Numbers in parentheses are ranges. A tube voltage of 100 kV was used in protocols A and C, and a tube voltage of 120
kV was used in protocol B.
† Attenuation-based tube current modulation, with a reference tube current–time product of 190 mAs.
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the 90 patients had been receiving -re-
ceptor–blocking treatment as part of
their baseline medication. The scanning
range included the entire heart, from
the level of the carina to the diaphragm.
A test bolus technique was used to
determine the circulation time of the
contrast material—10 mL of iodixanol
(Visipaque 320 [320 mg/mL]; GE
Healthcare, Buckinghamshire, England)
followed by 50-mL chaser bolus of saline
solution—which was administered by
using a dual-head power injector (Stel-
lant; Medrad, Indianola, Pa). The delay
time was calculated, by using semiauto-
matic software, as the time from the
beginning of the injection to the maxi-
mal enhancement in the aortic root.
Maximal aortic enhancement was mea-
sured by placing a 1-cm2 region of inter-
est in the ascending aorta. A delay of 5
seconds was added to the maximal aor-
tic enhancement time to account for the
difference in enhancement pattern be-
tween the bolus in the CT coronary an-
giography examination and the test bo-
lus (14). The contrast material dose was
adjusted to the patient’s body weight. In
the preliminary study (protocols A and
B), all patients received an intravenous
injection of 1.0 mL/kg contrast material
at an injection rate of 5.5 mL/sec. In the
final portion of the study, protocol A
from the preliminary study was modi-
fied by reducing the contrast material
dose to 0.8 mL/kg (protocol C) and low-
ering the flow rate to 4.4 mL/sec to keep
the total contrast material injection
time constant (15). All injections were
followed by the 50-mL chaser bolus de-
scribed earlier (four parts saline solu-
tion, one part contrast material).
Data were acquired in a craniocau-
dal direction with a detector collimation
of 2  32  0.6 mm, a section collima-
tion of 2  64  0.6 mm achieved by
using a z-flying spot, and a gantry rota-
tion time of 0.33 second. Attenuation-
based tube current modulation with the
reference tube current–time product
set at 190 mAs per rotation was used.
With DS CT scanning in the SAS mode,
prospective ECG triggering necessitated
a cycle time of 1.36 seconds for one
acquisition and the subsequent table
feed. The data acquisition window was
110 msec and was set at 70% of the R-R
interval; the temporal resolution was 83
msec. The protocols were well tolerated
by the patients, all of whomwere able to
hold their breath during data acquisi-
tion. The mean scanning duration was
14.4 seconds  2.3 (range, 9.2–19.6
seconds).
CT images were reconstructed in a
monosegment mode by using a nonover-
lapping section thickness of 0.6 mm and
a medium smooth-tissue convolution
kernel (B30f). The field of view was ad-
justed to encompass the heart (mean
field of view, 194 mm 13; range, 180–
237 mm) by using a matrix of 512 
512. After patient and ECG information
was removed from all images, they were
downloaded to an external workstation
(Multi-Modality Workplace; Siemens
Medical Solutions) for further analysis.
Objective Image Quality Parameters
Objective image quality parameters for
the three SAS-mode CT protocols were
determined by a radiologist (L.D.) with
4 years experience in cardiac radiology.
CT image attenuation and noise were
measured in a 1.0-cm2 region of interest
placed in the ascending aorta at the
level of the origin of the left main artery
on the axial images. Image noise was
calculated as the standard deviation of
the mean attenuation. In addition, at-
tenuation values were measured in the
proximal segment of the right coronary
artery and in the left main artery in a
region of interest that was defined as
large as possible, with the vessel wall or
plaques carefully avoided. We found no
significant differences between the
mean CT attenuation for the ascending
aorta and those for the proximal right
coronary (P .22, paired sample t test)
and left main (P  .23) arteries or be-
tween the mean attenuation for the
proximal right coronary and left main
arteries (P  .29). Thus, the mean at-
tenuation values for each patient were
used for further analyses.
Subjective Image Quality Parameters
For subjective image quality assess-
ment, the coronary artery tree was sub-
divided according to the scheme pro-
posed by the American Heart Associa-
tion (16): The right coronary artery
comprised segments 1–4; the left main
artery, segment 5; the left anterior de-
scending artery, segments 6–10; and
the left circumflex artery, segments 11–
15. The intermedial artery, if present,
was designated segment 16. All seg-
ments with a diameter of at least 1 mm
at their origin were included.
Two radiologists (H.A., P.S., 8 and
2 years experience in cardiac radiology,
respectively) who were blinded to the
objective image quality assessment re-
sults independently assessed the subjec-
tive image quality parameters. The radi-
ologists assessed each coronary seg-
ment depicted on the axial coronary CT
angiogram sections and multiplanar re-
formations for diagnostic quality by us-
ing a semiquantitative three-point grad-
ing scale: A score of 1 meant excellent
image quality without artifacts; 2, mod-
erate image quality with moderate im-
pairment due to image noise, stair-step
artifacts (discontinuity in the vessel wall
or lumen), or motion artifacts (mild
blurring without structure discontinuity);
and 3, severe impairment due to one or
more of the described artifacts. A score
of 1 or 2 was considered to indicate
Table 2
Conventional and CT Coronary Angiography Findings in Study Population
Examination
All
Patients
Patients
with
CAD
Patients with
Single-Vessel
CAD
Patients with
Two-Vessel
CAD
Patients with
Three-Vessel
CAD
No. of
Segments with
50% Stenosis
CT coronary angiography 90 13 8 3 2 24
Conventional coronary
angiography 9 9 5 2 2 18
Note.—All data except numbers of segments are numbers of patients.
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diagnostic image quality, whereas a
score of 3 indicated nondiagnostic im-
age quality. For each segment with a
score higher than 1, the type of artifact
was recorded. For any disagreement
between the two readers in assigning
diagnostic (score 1 and 2) versus non-
diagnostic (score 3) image quality, a
consensus reading was performed.
Another reader (H.S., 5 years ex-
perience with cardiovascular radiol-
ogy) not involved in any readings
noted the heart rate during each car-
diac cycle from the stored ECG infor-
mation. With use of these data, the
heart rate variability was calculated as
the standard deviation of the mean
heart rate (17,18).
Radiation Dose Estimations
The effective dose delivered at CT cor-
onary angiography was derived from
the dose-length product and a conver-
sion coefficient (k) (19). The conversion
coefficient for the chest (k 0.017 mSv/
[mGy  cm]) was averaged between the
male and female models in Monte Carlo
simulations (20). Values for CT scan-
ning range, dose-length product, and
volume CT dose index were obtained by
using a protocol in which the relevant
individual radiation exposure parame-
ters for each step of the CT coronary
angiography examination were summa-
rized (21).
Statistical Analyses
All statistical analyses were per-
formed by using commercially avail-
able software (SPSS, release 15;
SPSS, Chicago, Ill). Continuous vari-
ables were expressed as means  stan-
dard deviations, and categorical vari-
ables were expressed as frequencies or
percentages. The generalized estimat-
ing equation was applied for image qual-
ity analysis to account for clustering of
coronary artery segments within pa-
tients. 2 and Fisher exact tests were
used to test for differences in the fre-
quencies of nondiagnostic segments and
differences in the frequencies of pa-
tients with at least one nondiagnostic
coronary segment among the three
SAS-mode CT protocols. Because the
continuous variables were normally dis-
tributed (according to Kolmogorov-
Smirnoff test results), the BMI, contrast
material dose, heart rate, heart rate
variability, scanning duration, scanning
range, tube current–time product, CT
attenuation, and image noise were com-
pared among the three protocols by us-
ing the t test. The relationship between
image noise and BMI was determined
by using Pearson correlation analysis.
Figure 2
Figure 2: Graph illustrates correlation between image noise measured in ascending aorta and BMI in pre-
liminary portion of study. Association between the two parameters is significant with both the 100-kV
(r 0.63,P .01) and 120-kV (r 0.87,P .001) protocols according to Pearson correlation analysis
results. Dashed lines indicate 95% CIs.
Table 3
Objective Image Quality Parameters in the Three SAS-Mode CT Coronary Angiography Protocols
P Value
Parameter Protocol A* Protocol B* Protocol C* Protocol A vs B Protocol A vs C Protocol B vs C
Preliminary study
No. of patients examined 22 18 0 . . . . . . . . .
Attenuation (HU) 444 34 (396–500) 358 37 (299–408) . . . .001 . . . . . .
Image noise (HU) 40 10 (21–61) 39 7 (27–50) . . . .97 . . . . . .
Final study
No. of patients examined 22 39 29 . . . . . . . . .
Attenuation (HU) 444 34 (396–500) 368 43 (229–447) 375 39 (297–519) .001 .001 .80
Image noise (HU) 40 10 (21–61) 37 7 (26–60) 40 7 (22–53) .19 .97 .08
* With exception of numbers of patients, data are means  standard deviations. Numbers in parentheses are ranges.
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Interobserver agreement in subjec-
tive image quality grading was assessed
by using 	 statistics: A 	 value greater
than 0.81 corresponded to excellent in-
terobserver agreement, and 	 values of
0.61–0.80 corresponded to good agree-
ment. Cramer V correlation coefficient
analysis was used to evaluate associa-
tions between artifact type and coro-
nary segment.
Mean differences in heart rate and
heart rate variability among the pa-
tients with no artifacts and those with
at least one artifact and the effects of
these parameters on the different ar-
tifacts were assessed separately by us-
ing the t test. Receiver operating char-
acteristic (ROC) analyses for the pre-
diction of different artifacts were
applied to mean heart rate and heart
rate variability. Point estimates, 95%
confidence intervals (CIs), and areas
under the ROC curve (AUCs) were cal-
culated. To assess diagnostic values, we
calculated ROC curves, and resulting
AUCs were compared with a reference
value of 0.5.
Because protocols A and C involved
identical parameters, the radiation dose
estimates for these two protocols were
pooled and compared with that for pro-
tocol B by using the t test. P  .05 was
considered to indicate a significant dif-
ference. According to the Bonferroni
method, P  .05 was corrected for mul-
tiple comparisons to a P value of signifi-
cance of .017.
Results
The effect of clustering coronary artery
segments within each patient for image
quality analysis was not significant (P 
.14) and therefore justified the assump-
tion that the coronary artery segments
could be analyzed independently.
Objective Image Quality Parameters
Mean CT attenuation values for the as-
cending aorta and coronary arteries and
mean image noise, with comparisons of
values between protocols A, B, and C,
are shown in Table 3. In the preliminary
portion of the study, a significant posi-
tive correlation between image noise
and BMI was found for protocols A (r 
0.63, P  .01) and B (r  0.87, P 
.001) (Fig 2).
Subjective Image Quality Parameters
A total of 176 (12.2%) of the 1440 cor-
onary artery segments were smaller
than 1 mm or missing because of ana-
tomic variants (primarily absence of
segments 15 and 16). Thus, 1264 coro-
nary segments were available for subjec-
tive image quality assessment. There was
excellent interobserver agreement (	 
0.84) in grading image quality. Initial
agreement between the two observers
was achieved for 1236 (97.8%) segments,
while consensus reading was required for
the remaining 28 (2.2%) segments.
Image quality was considered diag-
nostic (score 1 or 2) for 1237 (97.9%)
of the 1264 segments in 84 (93%) of the
90 patients (Figs 3, 4). Image quality
was nondiagnostic (score 3) for 27 seg-
Figure 3
Figure 3: (a–c) Curved multiplanar reformations
along centerline of coronary arteries and (d) volume-
rendered image acquired at SAS-mode DS CT coro-
nary angiography (estimated effective dose, 1.1 mSv)
in 53-year-old woman with a BMI of 22.0 kg/m2, who
was referred for exclusion of CAD before she under-
went aortic valve surgery. With 100-kV SAS-mode
protocol, stenoses in (a) right coronary, (b) left ante-
rior descending, and (c) left circumflex arteries are
ruled out. (d)Both readers rated image quality as ex-
cellent (grade 1).
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ments (2.1%) in six (7%) patients. At
assessment of all segments in all pa-
tients with artifacts (diagnostic [score
of 2] or nondiagnostic [score of 3]), im-
age quality was impaired in 104 (8.2%)
segments. Image noise as a cause of im-
paired image quality—always affecting
segment 4—was noted for three (2.9%)
of 104 segments. Stair-step artifacts
were seen on the images of 41 (39.4%)
of 104 segments, with segment 7 most
commonly involved (10 [24%] of 41 seg-
ments). Motion artifacts as a cause of
impaired image quality were present on
the images of 60 (57.7%) of 104 seg-
ments and most commonly affected seg-
ment 2 or 3 (37 [62%] of 60 segments).
The overall correlation between artifact
type and segment localization was sig-
nificant (Cramer V  0.67, P  .001).
No significant difference in image qual-
ity between the three protocols was
found (P  .74), and the frequencies of
patients with at least one nondiagnostic
coronary segment were similar between
the groups (P  .88).
Heart rate variability was signifi-
cantly greater (P  .01) in the patients
with at least one stair-step artifact than
in those without these artifacts. In con-
trast, no significant difference in mean
heart rate was found (P  .38). The
mean heart rate was significantly higher
(P  .001) in the patients with at least
one segment impaired by motion arti-
facts than in the patients without this
type of impairment. In contrast, no sig-
nificant difference in heart rate variabil-
ity was found (P  .14).
ROC analysis revealed that the
mean heart rate had a significant effect
on the prevalence of motion artifacts in
coronary segments (AUC  0.818; 95%
CI: 0.723, 0.892; P  .001) (Fig 5a).
The ROC curve plotting segments with
motion artifacts to mean heart rates re-
vealed a mean heart rate of 59.9 beats
per minute as the best threshold for the
prediction of motion artifacts. When
patients were found to have motion ar-
tifacts at presentation, mean heart rates
were above this threshold in 29 (81%)
of 36 cases. Regarding the patients
without motion artifacts, the mean
heart rate was lower than 59.9 beats
per minute in 39 (72%) of 54 cases.
Heart rate variability was found to have
no effect on motion artifacts (AUC 
0.599; 95% CI: 0.480, 0.717; P  .11).
ROC analysis revealed that heart
rate variability had a significant effect
on the prevalence of stair-step artifacts
(AUC  0.79; 95% CI: 0.687, 0.865;
P .001) (Fig 5b). The ROC curve plot-
Figure 4
Figure 4: Curved multiplanar reformations acquired along the centerline of the coronary arteries at SAS-
mode CT coronary angiography. (a)Angiogram obtained with scanning protocol B in 70-year-old man with a
BMI of 27.3 kg/m2 shows atherosclerosis of the right coronary artery without significant stenosis. (b)Angio-
gram obtained with scanning protocol A in 58-year-old man with a BMI of 24.0 kg/m2 shows significant ste-
nosis due to mixed plaque (arrow) in proximal left anterior descending artery.
Figure 5
Figure 5: ROC curves for (a)mean heart rate versus motion artifacts and (b) heart rate variability versus
stair-step artifacts. (a)ROC analyses revealed a mean heart rate threshold for the prediction of motion artifacts
of 59.9 beats per minute (arrow). (b)ROC analyses revealed a heart rate variability threshold for the prediction
of stair-step artifacts of 2.2 beats per minute (arrow). In a and b, top solid line plots the true-positive rate in
function of the false-positive rate, and bottom dashed line represents reference values.
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ting segments with stair-step artifacts to
heart rate variability revealed a thresh-
old of 2.2 beats per minute for the pre-
diction of stair-step artifacts. When pa-
tients were found to have stair-step arti-
facts at presentation, the mean heart
rate variability was above this threshold
in 22 (79%) of 28 cases. Regarding the
patients without stair-step artifacts, the
mean heart rate variability was lower
than 2.2 beats per minute in 47 (76%)
of 62 cases. Mean heart rate was found
to have no effect on stair-step artifacts
(AUC  0.453; 95% CI: 0.326, 0.580;
P  .48).
Radiation Dose Estimations
The mean tube current–time products
for protocols A and C were significantly
lower than that for protocol B (P .001
for each comparison) (Table 1). Use of
100 kV (protocols A and C) yielded sig-
nificantly lower volume CT dose index
(P  .001), dose-length product (P 
.001), and effective dose (P  .001) val-
ues compared with use of 120 kV (pro-
tocol B) (Table 4).
Discussion
In our study, we analyzed the data of
patients who underwent low-radiation-
dose DS CT coronary angiography in
the SAS mode. Our results indicate that
this protocol is feasible in patients with
a heart rate lower than 70 beats per
minute and a BMI lower than 30 kg/m2
and that it depicted 97.9% of the coro-
nary segments with diagnostic image
quality. The mean heart rate during
scanning was the main contributor to
motion artifacts, whereas the main con-
tributor to stair-step artifacts was heart
rate variability. Using a cutoff BMI of
25 kg/m2, scanning nonoverweight pa-
tients with the 100-kV protocol, and ad-
ministering a 20% reduced dose of con-
trast material resulted in noise levels
and vessel attenuation similar to those
generated with the 120-kV protocol in
overweight patients. SAS-mode DS cor-
onary CT angiography performed with
automated tube current modulation re-
sulted in mean estimated effective doses
of 2.6 mSv with the 120-kV protocol and
1.2 mSv with the 100-kV protocol.
In retrospectively ECG-gated multi-
section spiral CT, faster gantry rotation
times yield improved temporal resolu-
tion but require a slower pitch to avoid
discontinuities in anatomic coverage
when images are reconstructed from
consecutive cardiac cycles (9). Hence,
for most single-source multisection spi-
ral CT systems, better temporal resolu-
tion necessitates a higher radiation dose
(9). The use of radiation doses of up to
21 mSv for 64-section CT coronary an-
giography has been reported (22). It
must be noted, however, that the latter
effective dose resulted from scanning
without ECG-based tube current modu-
lation. Hausleiter et al (23) reported
mean effective doses of 14.8 and 9.4
mSv for 64-section CT coronary angiog-
raphy performed without and with
ECG-based tube current modulation,
respectively. Stolzmann et al (21) re-
cently reported radiation doses of be-
tween 7 and 9 mSv for DS coronary CT
angiography performed with ECG-based
tube current modulation.
Cardiac scanning in the SAS mode is
characterized by the acquisition of data
only at predefined phases of the R-R
interval. With DS CT having a temporal
resolution of 83 msec, the minimal du-
ration of the data acquisition is 110
msec (24,25). Because of the short du-
ration of x-ray exposure, relatively low
radiation exposure can be achieved. A
drawback of SAS-mode CT, as com-
pared with retrospectively ECG-gated
CT, is that no additional evaluation of
cardiac valves, wall motion and contrac-
tility, or functional parameters can be
performed.
Minimizing the tube current at CT is
another approach for reducing the radi-
ation dose. Das et al (26) found that
adapting the tube current to the body
weight in combination with using online
tube current modulation facilitates low-
dose chest CT without compromising
the diagnostic yield. Deetjen et al (12)
recently found that cardiac CT per-
formed with automated tube current
modulation is feasible and involves a
markedly lower radiation dose to the
patient compared with CT performed at
a fixed tube current setting. In our
study, automated tube current modula-
tion was implemented in all CT exami-
nations and resulted in a homogeneous
distribution of image noise among the
patient groups with different BMIs and
in higher tube currents in the over-
weight patients.
Another approach to reducing the
CT radiation dose is tube voltage re-
duction (27). Sigal-Cinqualbre et al
(15) were able to show that this ap-
proach can be dose effective and prac-
ticable for chest CT, and Abada et al
(11) observed the feasibility of this ap-
proach for retrospectively ECG-gated
cardiac CT in selected patients. Nev-
ertheless, the reduced tube voltage
must be weighed against the increased
image noise (27). Therefore, in our
study, we selected patients with nor-
mal weights for the 100-kV protocol
and selected overweight patients for
the 120-kV protocol, with a result of
balanced image noise between the two
patient groups.
Owing to the high atomic number of
iodine, the attenuation of iodinated con-
trast material increases with reduced
x-ray energy (15,28). Therefore, use of
our 100-kV protocol enabled us to re-
duce the iodinated contrast material
dose by 20%, compared with the dose
used in the 120-kV protocol, while
Table 4
Radiation Dose Estimates at Different Tube Voltages in SAS-Mode CT Coronary
Angiography
CT Protocol Volume CT Dose Index (mGy) Dose-Length Product (mGy  cm) Effective Dose (mSv)
100 kV 5.8 0.7 (3.8–7.0) 70.1 10.6 (46–87) 1.2 0.2 (0.8–1.7)
120 kV 12.5 1.7 (9.8–15.0) 152.9 22.9 (108.0–192.5) 2.6 0.5 (1.8–3.8)
Note.—Data are means  standard deviations. Numbers in parentheses are ranges. Fifty-one patients were examined with
the 100-kV protocol, and 39 patients were examined with the 120-kV protocol. P .001 for all comparisons of values between
the two protocols.
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maintaining diagnostic vessel attenua-
tion.
SAS-mode cardiac CT is widely per-
formed for coronary calcium scoring
(6). However, SAS-mode coronary CT
angiography requires the use of strict
exclusion criteria. At lower heart rates,
this examination generally is sufficient
for reconstructions during only one
phase in mid-diastole for the acquisition
of diagnostic-quality images of the en-
tire coronary artery tree (29,30). At
higher heart rates, however, recon-
structions often must be performed at
several phases of the R-R interval to
obtain diagnostic-quality images of dif-
ferent coronary segments (31). Thus,
higher heart rates preclude implemen-
tation of the SAS mode because only a
narrow predefined reconstruction inter-
val is available with this technique. In
our study, the SAS-mode DS coronary
CT angiography examinations yielded
diagnostic image quality at heart rates
of up to 70 beats per minute. This ap-
pears to be an advantage of the high
temporal resolution of the DS system
since the feasibility of 64-section CT
performed in the SAS mode in patients
with heart rates of 42–53 beats per
minute was demonstrated in a previous
study (13).
In our study, motion artifacts that
caused vessel blurring occurred most
often in the right coronary artery, this
being the coronary artery with the fast-
est motion (31,32) and thus that would
often require additional reconstructions
in late systole (29–32). Stair-step artifacts
that were associated with heart rate vari-
ability also impaired image quality. With
variable heart rates, reconstructions at
fixed R-R intervals do not yield images
during the same cardiac phases (31).
Thus, data obtained during slightly differ-
ent cardiac phases give reformatted im-
ages a stair-step appearance (18).
With use of strict inclusion criteria,
45% (73 of 163) of the consecutive pa-
tients who underwent cardiac CT had to
be excluded from SAS-mode scanning.
The reason for the exclusion of 29% (25
of 85) of these patients was a high
and/or irregular heart rate. Theoreti-
cally, this number could have been low-
ered by administering -blockers before
CT (17). The described low-dose car-
diac CT examination yielded diagnostic
image quality for 97.9% (1237 of 1264)
of the segments in 93% (84 of 90) of the
patients.
Our study had several limitations:
First, the upper mean heart rate limit,
heart rate variability, and upper BMI
limit were not evaluated in terms of the
feasibility of CT scanning in the SAS
mode. Second, semiquantitative image
quality grading may have been influ-
enced by subjectivity bias. Third, we did
not perform stenosis grading and classi-
fication to determine the diagnostic per-
formance of the SAS mode. Finally, we
did not analyze the diagnostic perfor-
mance of SAS-mode DS coronary CT
angiography in the detection of coro-
nary stenoses.
Low-radiation-dose DS coronary CT
angiography performed in the SAS
mode is feasible in patients with heart
rates lower than 70 beats per minute,
and it depicted 97.9% of the coronary
artery segments with diagnostic image
quality in our study. Use of the SAS
mode combined with body weight–
adapted tube voltage and tube current
resulted in mean estimated effective
doses of 1.2 mSv in patients of normal
weight and 2.6 mSv in overweight pa-
tients at cardiac CT. Use of the low-
tube-voltage protocol enabled a 20% re-
duction in contrast material dose with-
out a compromise in subjective or
objective image quality. Further studies
must be aimed at assessment of the di-
agnostic performance of SAS-mode cor-
onary CT angiography for the diagnosis
and exclusion of CAD.
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of Columbia are required to add the appropriate sales tax to each 
reprint order.  For orders shipped to Canada, please add 7% 
Canadian GST unless exemption is claimed. 
 
Ordering 
Reprint order forms and purchase order or prepayment is 
required to process your order.  Please reference journal name 
and reprint number or manuscript number on any 
correspondence.  You may use the reverse side of this form as a 
proforma invoice.  Please return your order form and 
prepayment to: 
 
 Cadmus Reprints 
 P.O. Box 751903 
 Charlotte, NC  28275-1903 
 
Note:  Do not send express packages to this location, PO Box. 
FEIN #:541274108 
 
Reprint Order Forms 
and purchase order 
or prepayments must 
be received 72 hours 
after receipt of form. 
 
Please direct all inquiries to: 
 
Rose A. Baynard 
 800-407-9190 (toll free number) 
 410-819-3966 (direct number) 
 410-820-9765 (FAX number) 
baynardr@cadmus.com (e-mail)  
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